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Fig. 4. Diagram of clipped-optimal control strategy
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Table 1. MR damper data
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Table 3. Blast data

R(m) C,(m/sec) PPV (x )(m/sec) X ,(m/sec’)
50 5280 0.2266 23.928

0.4 T T T

0.3 ’ ‘

0.2
- \
% 0.1 ‘ ’ -
§ | i J . [ L
8 ol r’”n\ ”‘ \ “ ’ ’ A [ |t Iy m i Ul ‘ V b L L [
2 ™ W 1”‘ ”‘M‘l} lﬁu .v!u ‘ ’Juwh"‘ MY I'W T

~| ‘ &'1 “ { |J ‘l \

| l i (w i d

0.2 |- |’ -

2 5 10 15 20 25

time(sec)
El Centro &35 5,55, .0 JSW
Fig. 5. El-Centro earthquake
a3liwl 3,80 35 Slaswin ¥ Joua
Table 4. Earthquake data
Earthquake Date Station Closet dlStam(:EIL(; fault rupture Duration  PGA(g)
Imperial valley 1940  El Centro 16.9 53.73 0.359
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Fig. 6. Acceleration of the third floor of structure under the blast excitation
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Table 5. Responses of structure under the El Centro and blast excitation by using the MR damper in first floor

Excitation Status Response Type Ist floor  2nd floor  3rd floor
Displacement(cm) 0.5416 0.8260 0.9633
Uncontrolled
Velocity(cm/s) 19.6498 26.3971  34.9225
Displacement(cm) 0.2696 0.4446 0.5534
El Centro Clipped-Optimal
Velocity(cm/s) 9.8560 15.3335 19.4940
o Displacement(cm) 0.0502 0.1269 0.1778
LQR
Velocity(cm/s) 2.3535 7.3726 14.1691
Displacement(cm) 0.4266 0.6609 0.8464
Uncontrolled Velocity(cm/s) 19.4356 25.1829 349225
Acceleration(cm/s?) 1307.7 1351.8 2110.6
| Displacement(cm) 0.4750 0.7978 0.9949
Blast
Clipped-Optimal Velocity(cm/s) 24.4790 32.0806 33.067
Acceleration(cm/s?) 1246.8 1163 1935.1
Displacement(cm) 0.0728 0.1644 0.2792
LQR

Velocity(cm/s) 37805  14.5749  18.3429
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Table 6. Responses of structure under the El Centro and blast excitation by using the MR damper in all floors

Excitation Status Response Type 1st floor 2nd floor 3rd floor
Displacement(cm) 0.1677 0.2703 0.3243
Clipped- .
Optimal Velocity(cm/s) 6.9479 10.0577 11.9106
Acceleration(cm/s?)  284.1516 306.9435 424.7043
El Centro
Displacement(cm) 0.1623 0.2575 0.3078
With max Velocity(cm/s) 6.0250 8.9293 10.2349
voltage
Acceleration(cm/s?) 280.1 312.1 422.1954
Displacement(cm) 0.3785 0.5991 0.7267
Clipped- .
Optimal Velocity(cm/s) 18.1860 25.7124 30.1663
| Acceleration(cm/s?) 1257.7 1265.8 1603.4
Blast
Displacement(cm) 0.3343 0.5167 0.6170
With max Velocity(cm/s) 15.5484  22.6059 27.7906
voltage
Acceleration(cm/s?) 1301.5 1237.2 1434.2
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Fig. 7. Acceleration of the third floor of structure under the blast excitation by using two MR dampers in down floors
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Table 7. Responses of structure under the El Centro and blast excitation by using the MR damper in two first
floors

Excitation Status Response Type Ist 2nd 3rd 4th Sth

Displacement(cm)  0.4051 0.6269 0.7379 0.7899 0.8647
Uncontrolled Velocity(cm/s) 11.433 15.394 15.996 21.112 27.078
Acceleration(cm/s?)  674.143  769.895 573.094  490.29 789.38

Displacement(cm)  0.1273 0.1996 0.2750 0.3347 0.3795

ElCentro ~ Clipped- Velocity(cm/s) 5206 6367 79879 9771  11.795
Optimal
Acceleration(cm/s?)  333.845 259.52 237.9 297.26 342.513
Displacement(cm) 0.13 0.22 0.279 0.36 0.40
With max Velocity(cm/s) 427 6.32 7.96 10.50 12.33
voltage
Acceleration(cm/s?)  260.9 271.3 249.4 249.29 332.93
Displacement(cm) 0.4661 0.7332 1.0055 1.2644 1.4283
Uncontrolled Velocity(cm/s) 18.699 25.191 27.261 26.88 30.2811
Acceleration(cm/s?)  1307.7 1270.6 1247.3 1313.8 2061.1
Displacement(cm) 0.491 0.84 1.182 1.461 1.621
Blast Clipped- Velocity(cm/s) 2048  29.769 33.761 35.78 34.592
Optimal
Acceleration(cm/s?)  1388.6 1025.6 940 118.6 1664.6
Displacement(cm) 0.408 0.831 1.15 1.4 1.58
With max Velocity(cm/s) 19.62 28712 32918 34703  33.64
voltage
Acceleration(cm/s?)  1414.1 949.5 851.7 1074.2 1553.6
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Table 8. Responses of structure under the El Centro excitation by using the MR damper in all floors

Excitation Status Response Type Ist 2nd 3rd 4th 5th
Clipped- Displacement(cm) 0.108 0.183 0.259 0.313 0.342
Optimal Velocity(cm/s) 4.276 6.8499 8.334 9408  10.292

With max Displacement(cm) 0.115 0.182 0.246 0.297 0.326

El Centro voltage
With max Velocity(cm/s) ~ 4.6959  7.360 8334  8.840  9.261
LQR Displacement(cm) 0.106 0.1801 0.2406 0.2847  0.3080

Velocity(cm/s) 2.754 4.958 6.904 8.558 9.52
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Table 9. Responses of structure under the blast excitation by using the MR damper in all floors

Excitation Status Response Type Ist 2nd 3rd 4th Sth
Clipped- Displacement(cm) 0.415 0.687 0.906 1.0762  1.166
Optimal Velocity(cm/s) 15852 23323 26292 24292  30.857
With max Displacement(cm)  0.4002 0.656 0.857 1.001 1.0738
Blast voltage Velocity(cm/s) 13.94 20.90 24.14 2845  31.74
LOR Displacement(cm) 0.176 0.298 0.401 0.477  0.5172
Velocity(cm/s) 6.873 11.019 13.687 15.521 16.3062

Blast 4 El Centro cod Jgf ailb > Orifice (510 4 3450 05Lw gwl Ve Joua

Table 10. Responses of structure under the EI Centro and blast excitation by using the orifice damper in first floor

Excitation Status Response Type 1st floor 2nd floor 3rd floor
Clipped- Displacement(cm) 0.147 0.215 0.267
Optimal Velocity(cm/s) 5.52 9.77 11.25
El Centro
With max Displacement(cm) 0.199 0.338 0.415
voltage Velocity(cm/s) 7.911 11.88 14.07
Clipped- Displacement(cm) 0.33 0.526 0.593
Optimal Velocity(cm/s) 20.4 2431 26.87
| With max Displacement(cm) 0.445 0.773 0.988
Blast
voltage Velocity(cm/s) 25.32 30.90 31.70
Displacement(cm) 0.072 0.164 0.2792
LQR
Velocity(cm/s) 3.78 14.57 18.34
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Table 11. Responses of structure under the EI Centro and blast excitation by using the orifice damper in all floors

Excitation Status Response Type 1st floor 2nd floor 3rd floor
Clipped- Displacement(cm) 0.1186 0.095 0.0701
Optimal Velocity(cm/s) 6.72 5.48 3.01
El Centro
With max Displacement(cm) 0.13 0.20 0.22
voltage Velocity(cm/s) 4.56 6.42 7.74
Clipped- Displacement(cm) 0.017 0.0053 0.0009
Optimal Velocity(cm/s) 7.38 8.68 13.18
Blast
With max Displacement(cm) 0.36 0.56 0.67
voltage Velocity(cm/s) 17.05 24.32 28.49
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Fig. 8. Time history of orifice force in five story building under the blast excitation
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Table 12. Responses of structure under the El Centro and blast excitation by using the orifice damper in all floors

Excitation Status Response Type Ist 2nd 3th 4th Sth
Displacement(cm) 0.08 0.09 0.07 0.047 0.02
Clipped-Optimal
Velocity(cm/s) 495 422 2.8 .36 0.78
El Centro
Displacement(cm) 0.11 0.16  0.21 024 0.26
With max voltage
Velocity(cm/s) 4.66 7.27 7.64 7.41 8.28
Displacement(cm) 0.03 0.032 0.0244 0.018 0.012
Clipped-Optimal
| Velocity(cm/s) 9.62 1048 1196 1125 12.34
Blast

Displacement(cm) 042 070 0.93 .11 1.20

With max voltage

Velocity(cm/s)

1479 2280 26.70 29.03 3243
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